ABSTRACT
INTRODUCTION
In order to move the teeth, orthodontic treatment requires an optimum force. This optimum force should result in maximum rate of tooth movement with minimum irreversible damage (Ren et al. 2004) . Several studies recommended a 150 g as the optimum force for canine retraction (Mezomo et al. 2011; Rohaya et al. 2011) .
During orthodontic treatment, orthodontic force results in alveolar bone modeling that are represented by alveolar bone resorption in the compression side and bone formation in the tension side (Seibel 2005) . This modeling process was used for investigating enzymes activities collected from gingival crevicular fluid (GCF) Perinetti et al. 2002; Rohaya et al. 2011 Rohaya et al. , 2008 . GCF is exudates found in the gingival sulcus containing host derived substances (Ru et al. 2013 ) and its composition relates to changes in the periodontium (Dudic et al. 2006; Shah 2011; Singer & Eyre 2008) . GCF alkaline phosphatase (ALP) (Asma et al. 2008) , tartrateresistant acid phosphatase (TRAP) and aspartate aminotransferase (AST) ) were suggested to be biomarkers to monitor alveolar bone modeling, tooth movement and predictor of the treatment responses.
ALP is produced by cells within the periodontium and diffuses into the GCF (Perinetti et al. 2003) . Bone cells involved in bone formation, i.e. osteoblasts, have an ALP activity Yamaguchi et al. 1996) . During bone formation, increased osteoblasts activity is accompanied by higher ALP expression (Intan Zarina et al. 2008) . To date, it is known that alveolar bone modelling correlates with changes in GCF phosphatase activities (Insoft et al. 1996) and the rate of bone formation can be influenced by ALP activity Batra et al. 2006) . ALP activity elevates higher at the tension site than the compression site (Perinetti et al. 2002) since the tension site resuts in bone formation, while compression site results in bone resorption (Roberts-Harry & Sandy 2004; Seibel 2005) .
TRAP is an osteoclast biomarker (Intan Zarina et al. 2008; Shahrul Hisham et al. 2011 ) and can be used to determine osteoclast activity during orthodontic treatment. TRAP activity increases proportionally with the orthodontic force magnitude .
AST is released to extracellular environment upon cell death (Meeran 2012) . The activity of AST is important in regulating alveolar bone resorption during orthodontic tooth movement (OTM) (Meeran 2012) . Therefore, AST has potential as a diagnostic aid to monitor tooth movement and tissue responses during orthodontic treatment (Perinetti et al. 2003) .
Mechanical phenomena produced by various bracket and archwire types should contend with periodontal biological barriers to result in orthodontic movement (Burrow 2010) . Self-ligating brackets (SLB) eliminate the issue of force decay from elastomeric ligatures and uneven strength of ligation produced by steel ligatures. To date, there are no presenting studies comparing the effect of different continuous force to the enzymes activities as biomarkers of tooth movement during canine retraction. This study aimed to investigate the activities of ALP, TRAP and AST in GCF during maxillary canine movement and the amount of canine root resorption under two continuous orthodontic forces.
MATERIALS AND METHODS

STUDY DESIGN AND POPULATION
This is a prospective study. Nineteen healthy subjects, 13 females and 6 males (aged 16 to 28; mean 21.3±3.3 years), seeking orthodontic treatment in the Orthodontic Clinic, Faculty of Dentistry, Universiti Kebangsaan Malaysia, participated in this study. Subjects were consecutively sampled using inclusion criteria as follows: Healthy subjects without any systemic disease(s); have good oral hygiene and periodontal health; not pregnant; nonsmoker; have mild to moderate crowding of the maxillary and mandibular arches that require extraction of upper first premolars; have canine relationship of class II½ unit or more; have class II/1 incisal relationship with an overjet of more than 6 mm; have an overbite of not more than 50%; have no previous orthodontic or orthopedic treatment; and have no craniofacial anomalies. Optimal oral health was achieved in all subjects prior to the study. During the study period, subjects were not allowed to take any anti-inflammatory drugs and mouthwashes containing chlorhexidine. Informed consent was obtained from the patient or the parent or guardian prior to the commencement. The research protocol was approved by the Research Ethical Committee of Universiti Kebangsaan Malaysia (No:1.5.3.5/244/SPP/DD/030 (1)/2010).
ORTHODONTIC APPLIANCE AND EXPERIMENTAL TEETH
The pre-adjusted Straight-Wire SLBs (Forestadent, Quick Bracket; MBT prescription) with 0.022″×0.028″ slots were bonded to the buccal surface of the maxillary teeth after a transpalatal arch with Nance button was cemented to the maxillary first molars. The initial alignment was obtained with a 0.014″ Cuprum-Nickel-Titanium (CuNiTi) archwire (Biostarter, Forestadent). The leveling and alignment stages were completed in three to four consecutive visits using 0.018″×0.025″ CuNiTi archwire (Biotorque, Forestadent). The working archwire of 0.019″×0.025″ stainless steel (SS) (TrueForce, Ormco, USA) was inserted and left in situ for four weeks to allow passivity of the archwire before proceeding to canine retraction stage. Canine retraction was performed on 0.019″×0.025″ SS using light nickel titanium (NiTi) eyelet closing coil spring (American Ortho, USA) hooked onto the brackets of maxillary canines and first molars. In a split-mouth design, the patient received 100 or 150 g force either on the right or left side of maxillary arch, determined through random allocation using a coin toss method. The force applied was measured using Correx gauge (Dial-type stress and tension gauge; Dentaurum Germany).
GCF SAMPLING AND ENZYME ASSAYS GCF was collected using Periopaperä strips (Proflow, USA) at baseline (week 0) and five consecutive weeks (week 1 to week 5) of canine retraction stage. The GCF samples were collected at the distal sites of the maxillary canines. Three strips were used with 1 min interval. Each strip was inserted 1-2 mm in the gingival crevice and left in situ for 60 s.
The three dipped strips were placed into a microtube containing 80 μL physiological saline and subsequently diluted with 1200 mL of 100 mg/mL bovine serum albumin. The microtube was centrifuged at 4 o C for 10 min at 1300 g using a microcentrifuge machine (Hettich Zentrifugen Mikro 22Rä). Supernatant was analyzed for ALP, TRAP and AST assays immediately while Bradford assay was performed to determine the total protein content in the diluted GCF samples.
ALKALINE PHOSPHATASE ASSAY
A total of 10 μL of diluted GCF sample was added into a solution containing 10 mM p-nitrophenyl phosphate (PNPP), 100 mM carbonate buffer (pH9.8), 3 mM MgCl 2 and 200 mM mannitol. The solutions were incubated for 30 min at 30 o C. ALP hydrolyses the PNPP into p-nitrophenol and inorganic phosphate. The reactions were terminated by adding 50 mL 400 mM NaOH. The blank consisted of the substrates and buffer without any GCF sample. The absorbance was determined at 405 nm using a microplate reader (Varioskanä, Thermofisher). Using serial dilutions of 10 mM p-nitrophenol absorptivity; the absorbance was converted into enzymatic activity unit (1 U equals to 1 μmol of p-nitrophenol released per minute at 30 o C) and expressed as ALP specific activity.
TARTRATE-RESISTANT ACID PHOSPHATASE ASSAY
A total of 10 μL diluted GCF sample was mixed into a solution containing 1% (v/v) Triton X-100, 100 mM PNPP, 100 mM acetate buffer (pH5.8), 0.15 mM KCl, 0.1 mM FeCl 3 , 10 mM sodium tartrate and 1 mM ascorbic acid. The solution was incubated for 30 min at 30 o C. The reactions were then terminated by adding 50 mL 900 mM NaOH. The blank consisted of the substrates and buffer without any GCF sample. The absorbance was determined at 405 nm using a microplate reader (Varioskanä, Thermofisher). Using serial dilutions of 10 mM p-nitrophenol absorptivity, the absorbance was converted into enzymatic activity unit and expressed as TRAP specific activity.
ASPARTATE AMINOTRANSFERASE ASSAY
A total of 25 μL diluted GCF sample was mixed into a solution containing 150 mM L-aspartate, 0.4U malate dehydrogenase, 0.2 mM b-NADH + , 100 mM sodium phosphate buffer (pH7.5) and 100 mM 2-oxoglutarate. The solution was incubated at 30°C for 5 min. The change in absorbance at 340 nm using microplate reader (Varioskanä, Thermofisher) was monitored as the NADH was consumed. Conversion of the NADH to NAD + product was proportional to the level of AST enzyme in the sample. A value of 6.22×10 3 was considered as the NADH extinction coefficient. The results were converted into enzyme activity unit and expressed as AST specific activity.
CANINE MOVEMENT MEASUREMENT
An alginate impression was taken for study model construction before (week 0) and weekly for five consecutive weeks during the canine retraction period (week 1-5). Linear measurements from the distal margin of the bracket base to the mesial margin of the first molar band tube in the same quadrant were taken using a digital caliper (KERN, Germany).
CANINE ROOT RESORPTION MEASUREMENT
Periapical radiographs of maxillary canines were taken three times: Before orthodontic appliance placement (R 1 ), after leveling and alignment, i.e. before canine retraction (R 2 ) and 5 weeks after canine retraction (R 3 ) using a paralleling technique.
The long cone paralleling technique was performed using the Sirona Heliodent Vario equipment (7mA, 70kVp, 0.63s), an intraoral film (Kodak Insight, E speed, size 30.5×40.5 mm) and a paralleling device (Dentsply Rinn, Rinn Corporation, Elgin, IL, USA). The canine tip was placed at the centre of the bite block of the paralleling device to standardise the distance and angulation of the canine teeth at R 1 , R 2 and R 3 to minimise distortion of the image.
Tooth length in periapical radiographs were measured using digital calipers (KERN, German) at the best and constant point from root tip to the tip of the canine. Periapical root resorption was calculated from the difference between tooth length at R 1 and R 2 (R 2 -R 1 ) and between R 1 and R 3 (R 3 -R 1 ).
STATISTICAL ANALYSIS
All data were statistically analyzed using the SPSS ver. 20. The data distribution was determined using the ShapiroWilk test. The differences between the two groups were tested using paired t-test. Enzyme activity at baseline acted as control.
RESULTS
ALP, TRAP AND AST ACTIVITIES IN 100 G FORCE GROUP
ALP activity slightly increased in the subsequent weeks after force application although it showed no significant differences (p>0.05) compared with baseline (Table 1) . TRAP activity showed significant differences (p<0.05) at weeks 3 to 5 when compared with the baseline (Table 2) . Other TRAP activities in subsequent weeks showed slightly increase activities and no significant differences (p>0.05) when compared with TRAP baseline activity ( Table 2 ). The AST activities showed slightly increase in the subsequent weeks after force application. However, there were no significant differences (p>0.05) when compared with the AST baseline activities (Table 3) .
ALP, TRAP AND AST ACTIVITIES IN 150 G FORCE GROUP
There were slight increments in ALP activity from weeks 0 to 5. However, no significant differences were observed (p>0.05) ( Table 1) . Although TRAP activity increased after force application, the differences from baseline were insignificant (Table 2) . When a 150 g force was applied, the AST activity peaked at week 5 and showed significant differences (p<0.05) compared with AST baseline activity (Table 3) .
ALP, TRAP AND AST ACTIVITIES COMPARISONS BETWEEN
100 AND 150 G FORCE GROUPS ALP activities in the 150 g group were slightly higher than the 100 g group at weeks 0 to 4 but the differences were not significant (p>0.05) (Table 1) . Meanwhile, TRAP activity was slightly higher in the 100 g group compared with the 150 g group from weeks 0 to 5 although they were not significantly different (p>0.05) ( Table 2) . AST activity for both the 100 and 150 g groups showed similar increasing patterns during force application. AST activity appeared to be enhanced by the 150 g force but showed no significant differences (p<0.05) between 100 and 150 g groups (Table 3) .
CANINE MOVEMENT
The cumulative canine movement increased from week 0 to week 5 (Figure 1) . The cumulative canine movement at the end of week 5 of the 100 g group was 1.24 ± 0.29 mm while the rate was 0.46 ± 0.04 mm per week. In the 150 g group, the cumulative canine movement was 1.36 ± 0.39 mm while the rate was 0.47 ± 0.05 mm per week. There was no significant difference (P > 0.05) between the 100 g and 150 g groups in the rate of canine movement. There was no sign of root resorption at R 1 . Minimal signs of root resorption at R 2 (0.51 and 0.52 mm with 100 and 150 g, respectively) were observed. No apical root resorption with more than 1.50 mm was observed in the test teeth at R 3 (Figure 2) . A 150 g force produced more pronounced root resorption (1.42±0.16 mm) compared with 100 g force (0.89±0.04 mm) 5 weeks post canine retraction (Table 4) although it was not significantly different (p>0.05).
DISCUSSION ORTHODONTIC APPLIANCE AND TEST TEETH
A number of different orthodontic force systems are used to study OTM. Orthodontic force system includes bracket designs, archwires, elastics, bands, springs with different designs and coil springs with different materials. In the present study, the transpalatal arch with Nance button was placed to reinforce anchorage during canine retraction as to optimised canine retraction rather than mesialisation of maxillary molar (Stivaros et al. 2010) . With anchorage reinforcement, the total of canine movement mostly came from canine retraction and not from molar movement. In this study, prior to canine retraction, the 0.019″×0.025″ SS archwire was left in situ for at least a month to allow full expression of torque and to ensure the passivity of archwire. This ensures that during canine retraction, maximum sliding mechanics were performed. The 0.019″×0.025″ SS promotes more bodily movement rather than tipping movement . The risk of root resorption is lesser in bodily movement compared with tipping movement due to stress distribution along the roots rather than to the stress concentration at the apex (Lopatiene & Dumbravaite 2008) . On the other hand, NiTi closed coil spring was used in this study due to its ability to deliver a constant orthodontic force. bone integrity in response to normal masticatory force. In the early stage of bone modelling, bone resorption occurs in 3-5 days followed by a reversal phase (5-7 days) and a late stage of bone deposition (7-14 days) occuring at tension and compression sites (Batra et al. 2006) . Upon light force application, periodontal ligament (PDL) is stretched in the tension area and vascularity is increased. This leads to the mobilisation of osteoclasts and fibroblasts to lay down osteoid bone immediately adjacent to the PDL (Shah 2011) . With 100 and 150 g force ALP activity peaked at week 1. However, both were not significantly different (p>0.05) when compared to baseline activity. Using 100 g force, Batra et al. (2006) and Insoft et al. (1996) showed similar findings. Insoft et al. (1996) found that the ALP activity peaked between the first and third week (7-21 days) on premolar teeth, whereas Batra et al. (2006) found that ALP activities in canine retraction peaked at week 2 (day 14). Perinetti et al. (2004) exerted a higher force, i.e. 250 g on maxillary molar and found that ALP activity peaked at day 14. Therefore, the optimum force required (to move a tooth/ for bone remodeling/ for bone formation) varies according to the tooth type.
TARTRATE-RESISTANT ACID PHOSPHATASE ACTIVITIES DURING CANINE RETRACTION
The increase in TRAP activity is correlated with bone resorption especially in individuals with high bone turnover (Singer & Eyre 2008) . When there was no orthodontic force, TRAP activity was very minimal due to the normal remodelling process occurring in the bone (Bhosale et al. 2011) . With this regard, we suggest that the baseline TRAP activity correspond to the normal/ physiological bone remodelling activity in response to masticatory forces. In this study, TRAP activity peaked at week 3 in both groups. Upon orthodontic force application, TRAP activity increased throughout the observation period in conjunction with tooth movement. For a tooth to move, bone resorption must occur in the compression sites. The results of the present study indicated that bone resorption is active from week 1 and increases gradually. Enzymes associated with bone resorption increased their activity after 10 h of orthodontic force application (Lilja et al. 1983) . In this study, TRAP activity showed significant increment at week 3 when compared with baseline (Table 3) . Meeran (2012) stated that in the second phase of tooth movement, the osteoclasts attack the bone surface over a much wider area and result in bone resorption. This indicated that bone resorption was more predominant at distal/compression site compared to mesial site. Rohaya et al. (2011) found that during canine distalization using a 100 g force with conventional ligating brackets (CLB), a slight increase in TRAP activity was seen at week 3 in the tension site and peaked at week 5 in the compression site. When a 150 g force was applied, a slight increase in TRAP activity was observed at week 2 in the tension site and peaked at week 4 in the compression site .
ASPARTATE AMINOTRANSFERASE ACTIVITIES DURING CANINE RETRACTION
When a tooth is subjected to orthodontic force, the periodontal tissues will respond by becoming acutely inflamed due to cell necrosis and release various chemical mediators and enzymes. Extracellular AST presence is a sign of cell necrosis (Paolantonio et al. 2000) . Although AST activity raised slightly as the force is increased, the difference was insignificant. This result is in agreement with Dannan et al. (2009 ), Perinetti et al. (2003 and Rohaya et al. (2008) . During force application, we found that AST activity peaked at week 5 in both groups with 100 g group showing lower AST activity. Therefore, we suggest that 100 g force will give rise to less tissue damage compared with 150 g force. Tomizuka et al. (2007) found that gradually increased force resulted in less tissue damage (less hyalinization) compared with a heavier initial force that increased to the same end force level.
CANINE MOVEMENT AND FORCE SYSTEM
We used 100 and 150 g force to distalise maxillary canines with SLB. Using 150 g force, the rate of canine movement was almost similar when compared with 100 g force. Canine movement was fast at week 1 with the rate of 0.45 mm in 100 g group and 0.47 mm in 150 g group. However, this cumulative canine movement was slightly lower than the findings of other studies (Burrow 2010; Rohaya et al. 2011) . Rohaya et al. (2011) used the same magnitude of force to distalise canine with CLB. They found that 150 g force resulted in a faster and significant cumulative tooth movement compared with 100 g force. Kilic et al. (2010) compared forces of 20 and 60 g in rabbit and reported higher force (60 g) produced faster tooth movement. These studies were in contrast with our findings since there was no significant difference (p>0.05) between 100 and 150 g force in SLB. The optimal force for canine movement were still in controversy. Rohaya et al. (2011) suggested that 150 g force could be an optimal force for canine distalization than 100 g force in CLB. Samuels et al. (1993) also found that 150 g force as the optimal force for space closure when using a NiTi coil springs although further increased force to 200 g gave no additional benefit in terms of rate of space closure. However, in a random split-mouth design study by Mezomo et al. (2011) , canines movement that were retracted using elastic chain with 150 g force resulted in no difference of canines movement between SLB and CLB. This was in contrast with study by Burrow (2010) , where the rate of canine retraction with 150 g force was faster in CLB compared to SLB. Therefore, different force magnitudes and different orthodontic force systems may contribute to these differences. ROOT RESORPTION Periapical radiographs were taken to monitor the root resorption of the test teeth. In clinical practice, the current recommendation is baseline periapical view pre-treatment or standard occlusal view with repeated views 6 to 9 months into treatment (Kindelan et al. 2008) . In our study, we adopted Rohaya et al. (2011) methods in assessing root resorption for this study.
Six weeks of observation in this study was enough to detect any sign of root resorption as reported by Smale et al. (2005) . They found that root resorption may be detected as early as the early stage of levelling and alignment period where the mean of root resorption was 0.53 mm and the mean of the most resorbed tooth was 1.18 mm. Our study showed a mean of 1.42±0.13 mm root resorption at 5 weeks post canine retraction with 150 g force while 0.89±0.04 mm with 100 g force. There were no significant difference (p>0.05) of root resorption between 100 and 150 g force root at R 2 and R 3 . Therefore, 100 and 150 g force using SLB produced similar effect on root resorption. Chan and Darendeliler (2005) studied the effect of light (25 g) and heavy (225 g) forces on premolar that they subsequently extracted. More root resorption found in heavy force compared to light force that was 12 times higher compared with control, whereas with light force it was 3.5 times higher compared to control. In contrast, Rohaya et al. (2011) found no root resorption after 5 weeks post retraction when 100 and 150 g force were applied to distalise canine using CLB. Another study by Mavragani et al. (2000) concluded that straight wire appliance offered a more gentle and constant force thus reduced the likelihood of root resorption. Meanwhile, Pandis et al. (2008) studied root resorption between SLB and CLB, and found no difference in the amount of root resorption between those two appliance systems with an average root resorption of 1.3 mm. Thus, all previous studies show similar results with no root resorption longer than 2 mm being observed using SLB. CONCLUSION ALP, TRAP and AST activities in GCF after 100 and 150 g orthodontic force application were slightly higher than their baseline values. In addition, these two different forces have similar effects in ALP, TRAP and AST activities, root resorption and canine movement. Thus, the bone modeling process after 100 and 150 g orthodontic force increased slightly. Therefore, SLB usage for canine movement with 100 g force is as effective as 150 g force.
